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(54) A method for treating organic waste water
(57) Disclosed is a method for continuously treating
an organic waste water capable of simplifying a process
step, avoiding redundant solubilizing reaction to reduce
the volume of a solubilizing vessel, and performing sol-
ubilizing treatment well. In the method for continuously
treating an organic waste water containing organic sol-
ids, solubilizing treatment for the organic sludge is car-

ried out by heat and under the condition that a sludge
solubilization enzyme is produced and secreted from a
microorganism to promote the solubilization thereby,
and solubilizing treatment time is determined based on
a hydraulic residence time of a treated solution in a sol-
ubilizing treatment device.
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Description

[0001] The present invention relates to a method for
continuously treating waste water. More particularly it
relates to a method for biologically treating organic
waste water containing organic solids, for example,
waste sludge containing raw sludge and biological
sludge which are discharged in sewage treatment proc-
esses such as sewage treatment plants, night soil treat-
ment plants or the like, and/or organic solids discharged
from food factories, chemical factories and the like.
[0002] Conventionally, the following method has
widely been employed as a general method for treating
such organic waste water. First, organic components of
organic sludge are biologically digested by aerobic or
anaerobic microorganism decomposition using meth-
ods such as aerobic digestion, anaerobic methane fer-
mentation and the like, so that organic matter is
decomposed into gaseous components such as carbon
dioxide, methane gas and the like. After that, the sludge
containing mainly microorganism biomass generated by
the biological digestion and untreated residual solids is
solid-liquid separated by means of a precipitation ves-
sel, etc. While the treated water obtained as superna-
tant is suitably processed, the excess sludge is usually
disposed of by dumping at sea or on land. However, if
such excess sludge is disposed of by dumping at sea,
environmental destruction is caused. Therefore, dump-
ing at sea has been virtually prohibited because global
environmental protection has recently been advocated.
Furthermore, it has become harder, year after year, to
find disposal areas where excess sludge can be
dumped.

[0003] As an invention related to an activated
sludge treatment method and apparatus capable of
considerably reducing the amount of excess sludge
generated at a treating step, the present applicant has
reported an activated sludge treatment method and
apparatus characterized in that, as shown in Fig. 4,
organic waste water sent from an organic waste water
reservoir 1 is subjected to aerobic biological treatment
in an aeration tank 2, the treated waste water is then
solid-liquid separated into treated water and sludge by a
precipitation device 3, part of the sludge separated by
the precipitation device 3 is returned to the aeration tank
2 through a recycle route 4, excess sludge separated by
the precipitation device 3 is heat exchanged by a heat
exchanger 5 and is then solubilized by a solubilizing
treatment device 6, and a treated solution obtained by
the solubilization performed by the solubilizing treat-
ment device 6 is returned to the aeration tank 2 through
a return route 7 (Japanese Patent Application No. Hei 7-
163355). An embodiment of that invention has indicated
that about 50 % of a solid is solubilized and about 50 %
of volatile matter is removed if the treatment is per-
formed with a residence time of the excess sludge set to
5 days. However, if the excess sludge should fully be
solubilized based on that invention, the treatment is
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redundantly performed at a high temperature. Accord-
ingly, a large amount of the excess sludge must be
treated for a long time by means of the solubilizing treat-
ment device including a large capacity vessel. Conse-
quently, the scale of required equipment is enlarged,
resulting in an increase in running and maintenance
costs and the like for heating. Thus, there have been
disadvantages to industrially perform that invention.

[0004] Furthermore, the present applicant has also
reported, in Japanese Patent Application No. Hei 7-
260287, a sludge digesting treatment method compris-
ing a step of producing enzymes capable of solubilizing
sludge and an apparatus for the same (see Fig. 5). The
apparatus shown in Fig. 5 has an enzyme production
vessel 8 and a solubilizing treatment device 6. Enzyme
capable of solubilizing sludge is produced in the
enzyme production vessel 8. Sludge is solubilized by
enzyme in the solubilizing treatment device 6. The
digesting treatment of sludge is performed in the aera-
tion tank 2. The numbered features 2, 3, 4, 6 and 7 of
Fig. 5 are identical to those of Fig. 4. The reference
numerals 10 and 11 denote a sludge transfer route and
a supernatant return route, respectively. The enzyme
producing step is performed by incubating a microor-
ganism obtained from a sludge or another separate
source under proper conditions, and the enzyme pro-
duced and secreted by the incubation is used to pro-
mote solubilization of the sludge in a solubilizing vessel,
thereby reducing the amount of an excess sludge.
Although the specification of that application discloses
preferred conditions such as temperature, pH, time and
the like under which the solubilizing reaction is con-
ducted, it is apparent that such conditions are appropri-
ately selected depending on the concentration of sludge
to be treated, the composition and physical properties
of organic matter or the like, and the enzymic properties
of the secreted enzyme. The selection criteria have not
been established particularly. According to that method,
it is expected that the solubilization efficiency in the sol-
ubilizing vessel can be increased. However, since the
steps of producing and digesting the enzyme are essen-
tial, the entire operation is relatively complicated, which
often results in an increased size of the equipment.
[0005] In consideration of the foregoing problems of
the prior art, there is still a need to provide a method
capable of simplifying the process, specifying and
thereby shortening solubilizing reaction time, and per-
forming a sufficient solubilization efficiently.

[0006] In order to overcome the problems set out
above, the present invention provides a method for con-
tinuously ftreating organic waste water containing
organic solids, wherein organic solids are solubilized by
heat and under conditions such that a sludge solubiliza-
tion enzyme is produced and secreted from a microor-
ganism to promote the solubilization thereby, and
wherein solubilizing treatment time is determined based
on a hydraulic residence time (which will be hereinafter
referred to as an "HRT") of a treated solution in a solu-
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bilizing treatment device.

[0007] The invention also provides a method for
treating organic waste water as described above,
wherein the production and secretion amounts and/or
the activity of the sludge solubilization enzyme in the
solubilizing treatment device is monitored, and the solu-
bilizing treatment time is selected based on the hydrau-
lic residence time of a treated solution at which the
production and secretion and/or activity of the enzyme
is optimised.

[0008] A further embodiment of the invention pro-
vides a method for treating organic waste water as
described above, wherein a solubilizing treatment time
is selected that is + 10 hours, preferably = 5 hours and
particularly preferably + 2 hours of the hydraulic resi-
dence time of a treated solution at which the production
and secretion and/or activity of the enzyme is a maxi-
mum.

[0009] The activity of the sludge solubilization
enzyme is preferably monitored by determining its pro-
tease activity. This may be done by any suitable means,
many of which are known in the art.

[0010] According to the present invention, the solu-
bilization is continuously performed under conditions
such that enzyme production and solubilization can
both be performed. Consequently, the process can be
simplified. In addition, since the treatment time is deter-
mined based on an HRT, redundant solubilizing reaction
can be avoided. Thus, the volume of the solubilizing
vessel can be reduced and the solubilizing treatment
can be performed well.

Figure 1 is a graph representing the effect of pro-
tease production by a Bacillus on an HRT at a solu-
bilizing step according to a method of the present
invention;

Figure 2 is a graph representing the effect of pro-
tease production by excess sludge on the HRT at
the solubilizing step according to the method of the
present invention;

Figure 3 is a graph representing the effect of a sol-
ubilization ratio of the excess sludge on the HRT at
the solubilizing step according to the method of the
present invention;

Figure 4 is a schematic view showing a structure of
an organic waste water treatment device according
to the prior art; and

Figure 5 is a schematic view showing a structure of
another organic waste water treatment device
according to the prior art.

[0011] An embodiment of the present invention will
be described below.

[0012] The present invention provides a method for
continuously treating organic waste water, the method
comprising the steps of (1) aerobically treating the
organic waste water in an aeration tank, (2) solid-liquid
separating the obtained treated solution in a precipita-
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tion device to obtain treated water and sludge, (3)
returning part of the sludge to the aeration tank used at
the step (1) and solubilizing excess sludge derived from
the sludge by a solubilizing treatment device, and (4)
returning the treated solution to the aeration tank used
at the step (1) after being solubilized, wherein the solu-
bilizing treatment at the step (3) is carried out by heat
and under conditions such that a sludge solubilization
enzyme is produced and secreted from a microorgan-
ism contained in the excess sludge or a microorganism
derived from another separate source to promote the
solubilization thereby, and the solubilizing treatment
time is determined based on an HRT of the treated solu-
tion in the solubilizing treatment device.

[0013] The aeration tank, the precipitation device,
the solubilizing treatment device and a return route to
be used at the steps (1) to (4) are not specifically
restricted, but known devices can also be utilized. The
conditions and the like at the steps (1) and (2) may be
set in conformity with well-known aerobic treatment and
solid-liquid separation methods according to the prior
art (see the specification of Japanese Patent Applica-
tion No. Hei 7-163355).

[0014] More specifically, the following represents
some of the preferred parameters for carrying out the
solubilization by heat and under conditions such that the
sludge solubilization enzyme is produced and secreted
from a microorganism to promote solubilization thereby
at the step (3).

1. Temperature : 50 to 80°C, preferably 60 to 70°C;
2. Concentration of sludge : 1000 mg/liter or more,
preferably 5000mg/liter or more;

3.pH: 7109, preferably 7.5 to 8.5;

4. Environment : aerobic or microaerobic condi-
tions; and

5. Time : determined based on the HRT in the solu-
bilizing vessel for the excess sludge, and which can
be optimised.

[0015] In a case where the excess sludge is thus
solubilized continuously, the HRT is obtained based on
the amount of inflow and an effective volume of a reac-
tor. In other words, the HRT can be calculated based on
an equation of :HRT (hydraulic residence time)
=VA /Q (VA : the volume of the reaction vessel (m3),
Q : the amount of the inflow (m3/hour)).

[0016] If the solubilization can be achieved to a
desired extent, it is apparent that the volume of the reac-
tor can be reduced as the HRT is shortened. In consid-
eration of a reduced size of the equipment intended for
the present invention, the optimal solubilization time is
determined based on the HRT so that redundant solubi-
lizing treatment can be avoided.

[0017] It is preferable that the production and secre-
tion amounts and/or activity of the sludge solubilization
enzyme at the step (3) should be monitored to select the
HRT based on an HRT at which the production and
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secretion amounts and/or activity are maximum. If the
HRT is thus set, reaction performed by the produced
and secreted sludge solubilization enzyme can effi-
ciently be utilized.

[0018] Furthermore, it is preferable that the HRT
should be set to 3 to 24 hours to perform the solubilizing
treatment.

Examples

[0019] While the examples of the present invention
will be described below, the scope of the present inven-
tion is not restricted thereto.

Example 1 : Effect of enzyme production by microorgan-
ism on residence times.

[0020] A yeast - peptone medium (manufactured by
DIFCO Co., Ltd. (4 gram of yeast extract, 8 gram of pep-
tone and 1 liter of water, pH 6.8) was placed in a reactor
made of glass, and Bacillus stearothermophilus SPT 2-
1 [FERM P-15395] derived from a sludge which had
been preincubated was inoculated and was incubated
with shaking at a temperature of 65°C. An HRT was set
to 36 hours firstly while an incubation solution was con-
tinuously supplied. In order to shorten the HRT to a pre-
determined time, while the amount of an organic matter
to be placed was kept constant, an appropriate amount
of dilution water was added to perform the incubation. A
supernatant solution was sampled at residence time,
and protease activity was measured as follows. More
specifically, an equal amount of sample was added to
0.7 ml of a solution (5 mg/ml) which was obtained by
suspending azocoal (trade name, manufactured by
Sigma Co., Ltd.) acting as a substrate for a non-specific
protease assay into a phosphoric acid buffer solution of
pH 7.0. The mixture was incubated for 30 minutes at a
temperature of 70°C. After the reaction was completed,
the absorbancy at 520 nm was measured. When the
measurement was similarly performed by using, as a
sample, 30 ug/ml of the phosphoric acid buffer solution
(pH 7.0) of trypsin (about 400 BAEE U/mg, manufac-
tured by Wako Junyaku Co., Ltd.), an absorbancy of 1.0
was obtained at 520 nm.

[0021] The obtained result is shown in Fig. 1. It was
found under those circumstances that the enzyme activ-
ity reached a peak at an HRT of 12 hours and was
reduced to a lower level before the HRT reaches 20
hours. Accordingly, it is apparent that the HRT suitable
for the enzyme production by said strain is about 12
hours.

Example 2 : Effect of enzyme production by an excess
sludge on residence time

[0022] Excess sludge derived from a sewage treat-
ment plant which had an organic solid (vss: volatile sus-
pended solids) concentration of 3 % by weight was
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placed in a jar fermenter made of glass which had an
effective volume of 5 liters, and was treated at a temper-
ature of 65°C, an airflow quantity of 0.3 vvm (vol-
ume/volume/minute) and a stirring speed of 300 rpm
(revolutions per minute). In the same manner as in
Example 1, an HRT was first set to 36 hours, dilution
water was appropriately injected to set a predetermined
HRT and the protease activity at each HRT was meas-
ured. The abbreviation of "vm" denotes volume of
air/volume of reactor/minute.

[0023] The obtained result is shown in Fig. 2. It was
found that the enzyme activity reached a peak at an
HRT of 15 to 20 hours and was reduced to a lower level
before an HRT of 25 hours. Accordingly, it is apparent
that the HRT suitable for the enzyme production under
these circumstances is about 20 hours.

Example 3 : Effect of solubilization ratio of excess
sludge on residence time

[0024] Excess sludge was treated in the same man-
ner as in Example 2, a solubilization sample was taken
at each HRT to measure the organic solid (vss) content,
and the solubilization ratio (%) at each time was calcu-
lated based on the vss content obtained before the
treatment. The vss content was measured according to
JIS-K-0102.

[0025] The obtained result is shown in Fig. 3. It is
apparent from Fig. 3 that the solubilization ratio is max-
imum at an HRT of about 15 to 20 hours, and a solubili-
zation peak, which seems to be caused by heating, can
be detected at an HRT of 3 to 9 hours.

[0026] From the results of Examples 2 and 3, the
following was revealed. More specifically, in a case
where 3 % by weight of the excess sludge derived from
the sewage treatment plant is to be solubilized under
conditions suitable for the enzyme production, it is pref-
erable that protease activity should be monitored to
select an HRT based on the HRT at which the protease
activity reaches a peak. In this case, it is obvious that
the solubilization can efficiently be performed at an HRT
of 3 to 24 hours.

[0027] Using the solubilizing step of the method for
continuously treating organic waste water containing
organic solids according to the present invention, the
solubilization can be performed under conditions that
both enzyme production and the solubilization can be
carried out. Consequently, the process can be simpli-
fied. In addition, since the treatment time is determined
based on the HRT, redundant solubilizing reaction can
be avoided. Therefore, the volume of the solubilizing
vessel can be reduced, and the solubilizing treatment
can be performed well.

[0028] Although the present invention has fully
been described by way of example with reference to the
accompanying drawings, it is to be understood that var-
ious changes and modifications will be apparent to
those skilled in the art. Therefore, unless otherwise
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such changes and modifications depart from the scope
of the invention, they should be construed as being
included therein.

Claims 5

1. A method for continuously treating organic waste
water comprising organic solids, wherein organic
solids are solubilized by heat and under conditions
such that a sludge solubilization enzyme is pro- 10
duced and secreted from a microorganism to pro-
mote the solubilization thereby, characterised in
that the solubilizing treatment time is determined
based on a hydraulic residence time of a treated
solution in a solubilizing treatment device. 15

2. A method for treating organic waste water as
claimed in claim 1, wherein the activity of the sludge
solubilization enzyme in the solubilizing treatment
device is monitored, and the solubilizing treatment 20
time is selected based on the hydraulic residence
time of a treated solution at which the activity of the
enzyme is optimised.

3. A method for treating organic waste water as 25
claimed in claim 1 or claim 2, wherein a solubilizing
treatment time is selected that is = 10 hours of the
hydraulic residence time of a treated solution at
which the activity of the enzyme is a maximum.

30

4. A method for treating organic waste water as
claimed in any one of the preceding claims, wherein
the hydraulic residence time of the treated solution
is 3 to 48 hours.

35

5. A method for treating organic waste water as
claimed any one of the preceding claims, wherein
the organic solids are solubilized at temperature of
from 50°C to 80°C.

40

6. A method for treating organic waste water as
claimed any one of the preceding claims, wherein
the concentration of sludge is 1000mg/litre or more.

7. A method for treating organic waste water as 45
claimed any one of the preceding claims, wherein
the pH is between 7 and 9.

8. A method for treating organic waste water as

claimed any one of the preceding claims, wherein 50
aerobic or micro-aerobic conditions are present.

55
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